K enneth S m it h , D ire c to r o f th e A g ric u ltu ra l R e search C o u n c il V iru s R e search U n it, C a m b rid g e (1 9 3 9 -5 9 ), h a d an im m en se influence in the e s ta b lis h m e n t of v iro lo g y , by p io n e e rin g th e rese a rc h of b o th p la n t and in se c t v iru ses, as w ell as by his w ritin g . H e w as u n iv ersa lly resp e c te d for his a b ility a n d d e v o tio n to his science a n d his u n q u e n c h a b le sp irit.
sp e n t m o st of his w orking life. A m o n g his fo rb e a rs w ere m an y en g in eers, a rc h ite c ts, civil serv an ts and p arso n s.
H is g re a t-g re a t-g ra n d fa th e r, Jo sh u a S m ith , w as a F ellow o f S t J o h n 's C ollege, C a m b rid g e , and R ecto r o f H o lt (L in es). H is g re a t-g ra n d fa th e r had tw o sons and a d a u g h te r, th e y o u n g e r son, J o h n , was also a Fellow of St J o h n 's C ollege and R ecto r of K irb y (L in e s), w hile th e eld er son, C h arles C ase, w ho was K e n n e th 's g ra n d fa th e r, was a p ra c tisin g su rg eo n at B ury S t E d m u n d s. F ro m his m arriag e w ith Jan e P en elo p e C o n ra n th ere w ere seven c h ild ren , in c lu d in g five sons all of w h o m becam e civil en g in eers. O ne of th em , H e rb e rt B lom field, m a rrie d C aro lin e A lice W alker and h ad fo u r sons and fo u r d a u g h te rs o f w h o m K e n n e th was th e fifth ch ild and the y o u n g est son. T h e eld est b ro th e r C ecil, w as a civil en g in eer and th e second b ro th e r, W illiam , was a c a p ta in in th e Royal E n g in e ers, killed in action in 1917. H is th ird b ro th e r, E ric ( K .C .I .E ., C .S .I.), was in th e In d ia n C ivil S ervice and was H o m e S e c re tary in G en eral W av ell's c a retak er g o v e rn m e n t in In d ia . H e m ade a n o tab le c o n trib u tio n in th e M a d ra s P re sid e n c y to th e d e v e lo p m en t of local self g o v e rn m e n t in In d ia.
K e n n e th was b o rn in H e le n sb u rg h , n ear G lasgow , w here his fa th e r was at th a t tim e b u ild in g th e H ig h lan d R ailw ay. A t th e age of tw o he w en t w ith his fam ily to W est D u lw ich , L o n d o n , w h ere he lived fo r th e nex t 25 years.
Early life
K e n n e th 's in te rest in n a tu ra l h isto ry , especially co llecting b u tte rflie s and m o th s s ta rte d as a child. W ith his tw o b ro th e rs he m ade m an y day e x p ed itio n s to th e c o u n try sid e , collecting w h a te v er could be fo u n d , and his g reat am b itio n was to c a p tu re a P u rp le E m p e ro r. H e rec o rd e d later th a t d u rin g th ese e x p e d itio n s he fre q u e n tly e n c o u n te re d th e d a d d y -lo n g legs fly ( T i p u l as p p .), b u t took no in te re st in th is insect. It was th e larva of th is fly th a t gave h im the big g est scientific th rill d u rin g his w ork on in v e rte b ra te viruses. T h is larva was to yield a cry stallizab le v iru s w hose p urified su sp en sio n s p ro d u c e d irid e sc e n t co lo u rs far su rp a ssin g th o se of th e P u rp le E m p e ro r b u tte rfly . F o r a tim e th e tw o o ld er b ro th e rs jo in e d in th e b u tte rfly h u n tin g b u t they soon d ro p p e d c u t and he c o n tin u e d his in te re st in collecting and o b se rv in g b u tte rflie s up to the tim e he w en t to u n iv ersity . T h e se early p leasu res w ere to influence h im in ch o osing his su b ject at u n iv ersity and even tu ally his career.
In 1902 from the k in d e rg a rte n he w en t to D u lw ic h C ollege P re p a ra to ry School of w hich th e h e a d m a ste r w as M r M allin so n . F o r a tim e he played in th e first cricket eleven, and show ed his fo n d n ess o f sp o rt and physical exercise w hich he enjoyed u n til old age p u t a sto p to it.
In 1907 he e n te red D u lw ich College; th e h e a d m a ste r at th e tim e was M r A. H . G ilkes. A t first he chose th e classical side, b u t n o t caring for L a tin a n d G re e k , he c h a n g ed o v er to science; la te r he jo k in g ly used to say th a t science at th a t tim e w as k n o w n as th e 'h o m e o f lost d o g s '.
G raduate and postgraduate life
O rig in a lly , he in te n d e d to be a d o c to r, p ro b a b ly follow ing in th e step s o f h is g ra n d fa th e r, a n d h a d a c e rta in a m o u n t o f p re lim in a ry e d u c a tio n w ith th a t aim in view . H o w e v er, he c h a n g e d his m in d a n d on leaving school he d e c id e d on a scientific care e r.
In 1911 K e n n e th e n te re d th e R oyal C ollege o f S cience, now th e Im p e ria l C ollege of S cience an d T e c h n o lo g y . H e felt in clin e d to take up th e stu d y o f m ycolog y o w in g to th e d e m a n d fo r sc ie n tists in th is b ra n c h of b o ta n y , b u t his in te re s ts lay in th e d ire c tio n o f e n to m o lo g y as he a lread y h a d a w id e k n o w led g e of B ritish in sects, a n d he w as ad v ised to follow th ese in te re sts. H is p a re n ts , h a v in g a large fam ily, h a d som e difficulty p ro v id in g th e n ecessary fu n d s for his stu d ie s, especially as he w as th e y o u n g e st o f th e fo u r sons. H e la b o u re d in th e first 2 years u n d e r m an y d isa d v a n ta g e s a n d failed P a rt I m ain ly b ecau se o f ill h e a lth b u t soon his s tu d ie s im p ro v e d o u t o f all rec o g n itio n .
H is first te a c h e r of zoology w as P ro fe sso r A d a m S edgw ick, F .R .S ., b u t b ecau se o f illness his place w as soon tak e n by P ro fe sso r E. W . M a cB rid e , F .R .S . K e n n e th w as very im p re sse d by th e te a c h in g of p ro to zo o lo g y of C liffo rd D o b e ll, F .R .S ., for its a ccu racy a n d m e tic u lo u s a tte n tio n to d etail. H e fo u n d th a t th e P ro fe sso r o f E n to m o lo g y , H . M . L efro y , h ad an e n tire ly a p p lie d a p p ro a c h in his te a c h in g a n d he c o m p la in e d in late r years th a t he le a rn t little o f th e m o rp h o lo g y o r a n a to m y o f insects. H o w e v er, he m ad e good use o f th e a p p lie d o r eco n o m ic e n to m o lo g y he was ta u g h t b o th in his p o s tg ra d u a te w ork a n d late r on in his first rese a rc h w ork at M a n c h e s te r. A lso, th is gave h im a good fo u n d a tio n for his w ork on insect v e c to rs of v iru ses.
In 1914 he g ra d u a te d w ith seco n d class h o n o u rs and w as a w a rd ed a R e m a n e t S c h o la rsh ip for 2 years, b u t in ste a d he v o lu n te e re d for th e a rm y a n d w e n t to F ra n c e w h e re he serv ed on th e w e stern fro n t fro m S e p te m b e r 1914 only to be in v alid e d o u t an d d isc h a rg ed fro m th e a rm y in Ja n u a ry 1915. T h is w as a s h o rt in te rlu d e , b u t as we shall see late r on, it h ad a p ro fo u n d effect on h im .
H e r e tu rn e d to his college to finish his p o s tg ra d u a te rese a rc h u sin g the R e m a n e t S c h o la rsh ip a n d a M in is try o f A g ric u ltu re R esearch F e llo w sh ip . A t first he w o rk ed w ith H . G . N e w th on th e d e v e lo p m e n t of the co llar cavities in Am phioxus, a n d he also m ad e an in te n siv e stu d y o f th e a n te n n a l sense o rg an s of D ip te ra . T h e resu lts o b ta in e d by S m ith and N e w th on th e collar cavities w ere in som e resp e c ts d ifferen t fro m those re p o rte d by his p ro fe sso r (E. W . M a cB rid e ), w ho a d d e d a n o te at th e en d o f a p u b lis h e d p a p e r a c ce p tin g his o v e rsig h t. T h is early research show s how carefu l and o b se rv a n t K e n n e th was and th is c h a ra c te ristic rem ain ed w ith him for th e rest of his career. H is second p a p e r fro m his p o s t g ra d u a te w ork also has an a p p e n d ix , th is tim e by H . M . L efro y p o in tin g o u t th e usefulness of the w ork. H e had im p re sse d b o th his teach ers an d for th is w ork was aw ard ed th e D ip lo m a o f th e Im p e ria l C ollege. M u c h of his research d u rin g th is p e rio d was m o rp h o lo g ic a l, b u t it gave h im the know ledge and skills, especially in section c u ttin g , w h ich p ro v ed useful m u ch later on in his life in his u ltra m ic ro to m y w ork.
B efore leaving th e C ollege he also in v estig ated th e n a tu re and cause of dam age to p la n t tissues resu ltin g fro m th e feed in g by capsid b u g s and th is later gave h im th e ex perience and im p e tu s to s ta rt sim ilar w ork in M a n c h e ste r w ith H e m ip te ra , a g ro u p w h ich in clu d es m an y v iru s vectors.
M anchester It seem s to m e th a t th e d ire c tio n of his v iru s research was m ap p e d o u t by events h a p p e n in g d u rin g th is p erio d . R edcliffe N . S alam an, F .R .S ., w ritin g in 1939 on 'O u tlin e s of th e h isto ry of p la n t v iru s re s e a rc h ' in S ir D aniel H a ll's book Agriculture in the twentieth , d escrib ed th e b e g in n in g s o f v iru s research , especially on p o tato in B ritain . S a la m a n 's early research co nvinced h im th a t th e d eg en erativ e diseases o f th e p o tato w ere due to specific in fectio n s and n o t to senescence and fro m 1919 o n w a rd s he u rg ed these view s on th e resp o n sib le advisers o f th e M in istry of A g ricu ltu re . V arious m easu res w ere taken, one of w h ich was th a t in 1920 K e n n e th S m ith and H o lm e s -S m ith w ere a p p o in te d by th e U n iv e r sity of M a n c h e ste r to in vestigate p o tato leaf c u rl, th e one as e n to m o lo g ist and th e o th e r as a m ycologist. O ne m ig h t say th a t th is m ark s one of the official steps in E n g lan d to w ard s p la n t v iru s research and K e n n e th was th ere at th e b e g in n in g . T h e selection was obvious because he had th e qualification s and he was a p p o in te d as S en io r L e c tu re r in E n to m o lo g y as well as A dvisory Officer to th e C o u n ties of L a n c ash ire an d C h e sh ire . T h e a p p o in tm e n t as ad v iser was p a rt of a schem e devised by th e M in is try of A g ric u ltu re to fight insects and pests o f crops. T h is was also the b e g in n in g of th e N a tio n a l A g ricu ltu ra l A d v isory S ervice. D r A n n B ishop, F .R .S ., w ho a tte n d e d his lectu res as a s tu d e n t at M a n c h e ste r U n iv e rsity , rem e m b e rs th a t th e lectu res w ere clearly ex p ressed . In fact th ey m et again at th e M o lte n o In s titu te C a m b rid g e som e years later, b o th now as research w orkers, b u t she fo u n d th a t K e n n e th was very b u sy w ith his w ork so took little p a rt in th e general life o f th e In stitu te , seldom jo in in g th e o th ers at tea.
In M a n c h e ste r he w orked on th e feeding h a b its of th e H e m ip te ra , w ith special reference to p o tato p lan ts. T h is co m p re h en siv e w ork was s ta rte d in 1921 and p u b lish e d in 1926 . H e d e m o n stra te d th e feeding h a b its of th e insects by show ing histologically th e stylet tracks and dam age caused to th e cells by the ex creted saliva, and d rew ce rtain useful co nclusions c o n c ern in g the tra n sm issio n of viruses. T h is becam e a classic w ork and s tim u la te d th e in te re s t o f w o rk e rs in th is c o u n try a n d a b ro a d in try in g to u n d e rs ta n d th e m o d e of v iru s tra n s m is s io n by vecto rs.
H is c o n n e c tio n s w ith th e a d v iso ry service b r o u g h t h im in to c o n ta c t w ith so m e p ra c tic a l h o rtic u ltu ra l p ro b le m s. W h ile he w as g e ttin g fam iliar w ith w h a t w as k n o w n a b o u t v iru se s a n d d e v e lo p in g te c h n iq u e s for th e ir stu d y he c o n tin u e d th e e n to m o lo g ic a l w ork he h ad s ta rte d at Im p e ria l C ollege. H e s tu d ie d th e life h isto ry o f th e o n io n fly, a se rio u s p est in th a t d istric t. H e in c lu d e d in th is stu d y o th e r v eg etab le ro o t flies, p ay in g p a rtic u la r a tte n tio n to cab b ag e ro o t fly a n d its p a ra site s, one of w h ich w as a fu n g u s. A p p a re n tly su ch a fo rm o f p a ra sitism in in sects h ad n o t h ith e rto b e e n d e sc rib e d . T h is m ig h t be th e o rig in o f his idea, w h ic h he d ev elo p ed m a n y y ears later, o f c o n tro llin g in sects by viru ses.
T h e v iru s ex p e rien c e he a c c u m u la te d in M a n c h e s te r a n d especially th e 1926 p a p e r on th e feed in g h a b its o f in sects k n o w n to be v iru s vecto rs m ad e h im a stro n g c a n d id a te , if n o t th e only p o ssib le one, for a po st c re a te d at th e new ly fo rm e d P o ta to V iru s R e search S ta tio n at C a m b rid g e .
W h ile at M a n c h e s te r U n iv e rs ity he o b ta in e d his M .S c . in 1922 and D .S c . in 1926.
C ambridge
T h e P o ta to V iru s R esearch S ta tio n b eg an life in 1927 as th e re su lt of R edcliffe N . S a la m a n 's efforts. A m o n g th e first a p p o in tm e n ts he m ad e w as th a t o f K e n n e th to use th e in sect tra n sm issio n te c h n iq u e for stu d y in g th e sp re a d of v iru ses. I t w as an o b v io u s a p p o in tm e n t, b u t at th e sam e tim e it w as a fru itfu l one for K e n n e th b ecau se it b ro u g h t h im in to an in te lle c tu a l e n v iro n m e n t w h ich m u st have m ad e a g rea t im p a c t on h im . I believe he m u st have b e n e fite d c o n sid e rab ly fro m th e re m a rk a b le v e rsa tility a n d w isd o m of S alam an w ho, a p a rt fro m e v e ry th in g else, had b eco m e th e a u th o rity on a n y th in g c o n n e c te d w ith p o tato es.
S ince S alam an h ad en v isag ed his re q u ire m e n ts as little m o re th a n sto ra g e fo r th e p o tato e s, and g lasshouses to grow e x p e rim e n ta l p lan ts, the S ta tio n 's lab o ra to ry w as h o u se d in one end of a sm all b a rn w ith ab o u t 18 ft (6 m ) o f b e n c h , one cold tap and an electric ho t plate for ste riliz in g p estles a n d m o rta rs used to c ru sh leaves w h e n p re p a rin g inocula. A fellow re se a rc h e r at th e tim e (1 9 2 9 -3 6 ) w as S ir F re d e ric k B aw den, F .R .S ., w ho re m in isc in g in later years w ro te a b o u t th e shed 'T h e m o st so p h istic a te d piece o f a p p a ra tu s was a re c a lc itra n t P rim u s sto v e '.
W h e n K e n n e th m o v ed to C a m b rid g e and fo u n d th a t his M a n c h e ste r d egrees d id n o t e n title h im to th e p rivileges of m e m b e rsh ip o f C a m b rid g e U n iv e rsity he e n te red D o w n in g C ollege as a p o stg ra d u a te m e m b e r in 1927 . H e p u rsu e d a course of research in the D e p a rtm e n t of B otany u n d e r the su p erv isio n of the P ro fesso r of Z oology, J. S tanley G a rd in e r, F .R .S ., from 1927 to 1929. H av in g been g ra n te d ex em p tio n from th re e term s of research he su b m itte d his d isse rta tio n e n title d 'S tu d ie s u p o n p o tato viru s diseases' for e x am in atio n on 16 A pril 1929 and on 11 Ju n e 1929 the B oard of R esearch S tu d ie s aw ard ed him th e degree of D o c to r of P hilo so p h y . It was a h a p p y b u t at th e sam e tim e an anxious p erio d , because on 28 A pril 1929, 12 days after the ex am in atio n , his wife p rese n ted him w ith a son. H e was a m o n th o v erd u e and was deliv ered by caesarean o p eratio n , in those days no light m a tte r. In 1953 he was elected H o n o ra ry Fellow of his C ollege.
K e n n e th , w ho was already an e x p erien ced lec tu re r, gave a course of lectu res in the School o f A g ric u ltu re to p o stg ra d u a te D ip lo m a stu d e n ts on A g ricu ltu ra l E n to m o lo g y in c o n ju n c tio n w ith th e lectu res on p lan t diseases delivered by F. T . B rooks (later P ro fesso r F. T . B rooks, F .R .S .) of th e B otany School. B rooks and S m ith had a co m m o n in te re st in p ractical p lan t pathology. A lso, K e n n e th saw th e n eed for an u p -to -d a te tex tb o o k on A g ricu ltu ra l E n to m o lo g y w hich he p u b lish e d in 1931 .
As K e n n e th 's in te rests e x p a n d ed he so u g h t b e tte r lab o ra to ry facilities. T h e se w ere p ro v id ed by an old frien d of his, a p a ra sito lo g ist w ho becam e one of the w o rld 's o u tsta n d in g b io ch e m ists, P ro fesso r D av id K eilin, F .R .S . H e was D ire c to r of the M o lte n o In stitu te , a sm all b u t well a p p o in te d lab o rato ry , w h ich of course was at a c o n sid erab le d istan ce from th e U n iv e rsity farm w h ere the P o ta to V iru s S ta tio n was situ a te d . In th e M o lte n o In s titu te K e n n e th and S alam an had tw o and later th re e room s and this a rra n g e m e n t lasted for m an y years. K e n n e th was in d e b te d to P ro fesso r K eilin n o t only for th e ac co m m o d a tio n he p ro v id e d , b u t also for the e n c o u ra g e m e n t and advice he received in his w ork. K eilin was also the E d ito r of Parasitology w here K e n n e th later p u b lish e d m u ch of his w ork and was also ap p o in te d to th e E d ito ria l B oard.
In 1939 he o b tain e d a R ockefeller F o u n d a tio n g ra n t to w ork for 6 m o n th s on p lan t viruses at th e R ockefeller In s titu te at P rin c e to n , w here he m et D r W . M . S tanley, w ho later (1946) was to receive th e N o bel prize for C h e m istry for his w ork on tobacco m osaic virus. H ow ever, w hile th ere , W o rld W ar II was d eclared and K e n n e th re tu rn e d hom e w ith his w ife, leaving b e h in d his 1 0 -year-old son in th e care of D r C arl T e n B roeck, the D ire c to r of th e In stitu te .
H e re tu rn e d to C a m b rid g e to becom e th e D ire c to r of th e S ta tio n in 1939 after Salam an had retire d . Since his in te rests in viruses w ere by no m eans confined to p o tato viruses he changed the nam e to P lan t V irus R esearch S tatio n . D u rin g the A ttlee G o v e rn m e n t, th e A g ricu ltu ra l R esearch C ouncil took over th e S ta tio n in 1947 and ren am ed it P lan t V irus R esearch U n it. F inally, as K e n n e th becam e involved in insect v irus research th e S tatio n was again ren am ed V irus R esearch U n it. In 1935 S ta n le y a n n o u n c e d th e iso latio n o f a cry sta llin e p ro te in p o ssessin g th e p ro p e rtie s of to b acco m osaic v iru s, a n d th e year afte r B aw d en an d P irie sh o w ed th is to b e a n u c le o p ro te in . T h e s e e v e n ts gave a c o n s id e ra b le stim u lu s to p la n t v iru s rese a rc h a n d K e n n e M a rk h a m was a p p o in te d a fte r giv in g th e rig h t an sw ers to tw o q u e stio n s p u t to h im by K e n n e th : 'C an you take p h o to g ra p h s , a n d are you in te re s te d in g lid in g ? ' It h a p p e n e d th a t his p re v io u s a ssista n t, th e C a n a d ia n D . M a c C le m e n t h a d b e e n k e e n er on g lid in g th a n v iru ses. A s v iru s rese a rc h soon m oved in to b io ch em ical and b io p h y sic a l areas M a rk h a m 's a p p o in tm e n t was sh o w n to be a w ise one as he w as able to take over th ese activ ities a n d so th e V iru s U n it re m a in e d in th e fo re fro n t o f research .
A fte r m ak in g p ro v isio n fo r b io c h e m istry , th e n e x t im p o rta n t step was to o b ta in an e le c tro n m icro sco p e. J u s t a fte r th e e n d of th e w ar, K e n n e th w e n t in to th e R u ssian Z o n e of G e rm a n y to b u y th e b e st optical m ic ro sc o p e he co u ld . W h e n he got it back he fo u n d it to tally useless for v iru s w ork as no optical m ic ro sc o p e can p ro v id e sufficient m ag nification. T h e only e le c tro n m ic ro sc o p e s available in C a m b rid g e afte r th e w ar w ere th o se o f th e C a v e n d ish a n d th e N a tio n a l P hysical L a b o ra to rie s. F o r a tim e th ey used th ese tw o in s tru m e n ts an d in 1951, th ro u g h th e good offices of L o rd R o th sc h ild , F .R .S ., w ho was th e n C h a irm a n o f th e A .R .C ., th e V iru s U n it o b ta in e d th e ir first in s tru m e n t. T h is , h ow ever, d id n o t give satisfacto ry p ic tu re s a n d it was rep laced in th e follow ing year by a n e w e r m o d el w h ich p ro v e d eq u ally b ad . In 1954 it w as d ecid ed to replace it w ith a S ie m e n s in s tru m e n t, and th e o rd e r fo r th is w as w ritte n by L o rd R o th sc h ild him self. S iem en s w ere so d e lig h te d th a t th ey p in n e d th is actual o rd e r on th e office n o tice b o a rd . K e n n e th received his tra in in g in th e use o f th e e lectro n m icro sco p e fro m th e b e st e x p e rts, P ro fe sso r R alp h W yckoff, F o r.M e m .R .S ., an d P ro fe sso r R obley W illiam s, co -d isc o v ere rs of th e m etal sh ad o w in g te c h n iq u e . A fter th e w ar th e re w as a g a th e rin g in L o n d o n to renew in te rn a tio n a l co lla b o ra tio n am o n g c ry sta llo g ra p h e rs w h ich w as a tte n d e d by W yckoff. K e n n e th and M a rk h a m h ad ju s t su cceed ed in p re p a rin g single cry stals of to b acco n ecrosis v iru s and th ey asked W yckoff to take p h o to g ra p h s of th ese crystals; th e w ork w as p u b lish e d in 1947 and 1948. J u s t a b o u t th is tim e K e n n e th 's in te re sts w ere d ire c te d to w a rd s insect v iru ses a n d his p u b lic a tio n s w ith W yckoff in 1950 and 1951, on the e le c tro n m icro sco p y o f insect v iruses, m ark th e b e g in n in g of th is w ork to w hich he devoted th e rest of his career. T o im p ro v e his ab ilities in th e use of the electro n m icroscope he o b tain e d in 1952 a g ra n t to w ork w ith W yckoff for 6 m o n th s at th e N atio n al In stitu te s o f H e a lth , B ethesda, M a ry la n d , U .S .A .
In th e early years of his insect v iru s research K e n n e th was assisted by M . X eros and S. R. W y a tt, and in 1953 he a p p o in te d C lau d e R ivers to help him in the search for an a lte rn a tiv e h o st for th e m ass p ro d u c tio n of th e p o ly h ed ro sis v iru s of th e clo th es m o th . L o rd R o th sc h ild was m o st e n th u sia stic a b o u t K e n n e th 's idea of u sin g v iru s for c o n tro llin g th e clothes m o th and c o n seq u e n tly th e A .R .C . was w illing to finance th e schem e. T h is was in th e days w hen m u ch c lo th in g was m ade of wool and th e re is no d o u b t th a t th e d e p re d a tio n of w oollen clothes by th e m o th was in toto very serious. K e n n e th envisaged th e v iru s b ein g c u ltiv a te d in q u a n tity and w idely d istrib u te d so th a t it m ig h t sp read n a tu ra lly and kill off all the clothes m o th s in m u ch the sam e way th a t m y x o m ato sis v iru s killed rab b its. H ow ever, th e cost of m u ltip ly in g th e viru s on a large scale and the sim u lta n e o u s d e v e lo p m en t by in d u stry of chem icals for m o th proofing fabrics m ea n t th a t th is vision of w id e sp re a d p ractical co n tro l by v iru s w as ev en tu ally ab a n d o n ed . H ow ever, he and R ivers c o n tin u e d th e search for viruses in insects of econom ic im p o rta n c e and ca rrie d o u t th e first viru s co n tro l in B ritain against th e pin e sawfly, Neodiprion sertifer.
M o reo v er, his good frie n d S ir L aw ren ce B ragg, F .R .S ., asked h im to spray the w a rd ro b e s at th e Royal In s titu tio n as his wife and d a u g h te rs w ere tro u b le d w ith clothes m o th , and he was co n v in ced th a t th e ap p licatio n of th e viru s was an effective co n tro l m easu re.
In 1956 he was aw ard ed th e C .B .E . for his o u tsta n d in g services to science. H e was very p ro u d of th is h o n o u r because it was one of th e few reco g n itio n s he received fro m o u tsid e the scientific w orld; he alw ays co m p lain ed at th e neglect w hich science received from n o n -sc ie n tists, p o litician s and o th ers. In 1959, at 67 he retire d , u n d e r the age re g u lations, and Roy M a rk h a m , F .R .S ., was a p p o in te d as D ire c to r of th e V irus U n it.
R etirement and U .S .A .
A fter re tire m e n t K e n n e th c o n tin u e d to w ork full tim e un til 1962. H e was paid in p a rt by th e A .R .C . and by an e q u iv a len t a m o u n t from fu n d s from the N atio n al In stitu te s of H e a lth , U .S .A . A t th e age of 70, w hen m ost m en are c o n te n t to relax and enjoy th e ir o th e r in te rests, he w ent to th e U .S .A . as V isiting P rofessor. H e first w orked for 2 years in the D e p a rtm e n t of B iophysics at th e U n iv e rsity of P itts b u rg w ith P ro fesso r M ax L auffer. P ro fesso r L auffer told m e som e of th e difficulties he had to o b tain approval from the C h ie f A d m in istra tiv e O fficers and the C h an cello r o f the U n iv e rsity to p ersu ad e th em th a t K e n n e th was n o t too old at 70. H e convinced th e m by tellin g th e m how , w hen he visited C a m b rid g e , K e n n e th had g rab b e d his heavy bags at th e railw ay statio n a n d p u s h e d th e m an d h im in to a w a itin g taxi and th e n set off on his b icycle. T h e y a rriv e d at th e sam e tim e at K e n n e th 's fro n t d o o r.
F ro m 1964 to 1969 he w o rk e d as a V isitin g P ro fe sso r in th e C ell R e se a rc h In s titu te at th e U n iv e rs ity o f T e x a s at A u stin w h e re th e D ir e c to r w as P ro fe sso r W . G . W h aley . H e la te r w ro te 'T h e fo u r and a h a lf y ears I sp e n t at A u stin w ere a m o n g th e m o st fru itfu l o f m y career; th e re w as available an a lm o st v irg in field o f v iru s re s e a rc h '. H is a s so c ia tio n w ith P ro fe sso r H o w a rd A rn o tt w as in d e e d a very successful and p ro d u c tiv e one. A t th a t tim e he w as a b o u t 75 y ears o f age; b u t his m en tal ag ility a n d e n th u s ia sm w ere th o se of an u n d e rg ra d u a te , a rem a rk a b le a c h ie v e m e n t by any s ta n d a rd . H e m u s t have m ad e a tre m e n d o u s im p re ssio n on th e A m e ric an acad em ics a n d o th e rs b ecau se he w as m ad e an H o n o ra ry C itiz e n o f T e x a s.
H e finally re tire d fro m rese a rc h in 1969, as he said h im self, 'U n d e r th e age re g u la tio n s ' at th e age of 77 a n d r e tu rn e d to C a m b rid g e to c o m p le te th e th ir d e d itio n o f his Textbook o f p la n t virus diseases a n d tw o o th e r bo oks. In 1973 he w as e lected th e first H o n o ra ry M e m b e r of th e In s titu te o f V iro lo g y , O x fo rd , fo r his p io n e e rin g w ork on in sect v iru ses.
T he man
K e n n e th h a d a ra th e r q u ie t rese rv ed p e rso n a lity , b u t he w as a th o u g h tfu l a n d k in d colleague. T h o s e w ho knew h im e ith e r in the e n v iro n m e n t o f his la b o ra to ry o r in th e w a rm a tm o sp h e re o f his h o m e will re m e m b e r his g e n tle m a n ly a n d d o n n ish p e rso n a lity w ith p lea su re. H is o u tw a rd ly so m e w h at aloof a n d d ry m a n n e r co v ered his in n ate sense of fu n a n d h u m o u r. T h is sense of h u m o u r an d th e h a p p in e ss o f his h o m e life gave c o lo u r and u n ity to h is p e rso n a lity .
H e w as a m u c h m o re k in d ly and frie n d ly p e rso n th a n his d e m e a n o u r su g g e ste d and a lth o u g h he gave th e im p re ssio n o f a p ro fessio n al p e ssi m ist, as reg a rd s his p erso n al p ro sp e c ts a n d th e gen eral state of th e w o rld , in reality he had an o p tim istic o u tlo o k a n d c o u ld alw ays see th e fu n n y side o f a s itu a tio n . T h is becam e a p p a re n t w h e n w ork in th e la b o ra to ry w as g o in g well b ecause his w hole life was d e d ic a te d to th is. H is h u m o u r was d ry and b rie f. T h e laugh w as often ag ain st h im , as usu ally his stories e n d e d by sh o w in g him in an e m b a rra ssin g lig h t o r situ a tio n . P ro fe sso r L a u ffe r told m e an a m u sin g ep iso d e w hich o c c u rre d ju s t b efo re th e w ar w h e n K e n n e th was w o rk in g at th e R ockefeller In s titu te . L au ffer in v ited K e n n e th and his wife to a little picn ic to cele b ra te In d e p e n d e n c e D ay. K e n n e th im m ed ia te ly a p p re c ia te d th e h u m o u r o f th e s itu a tio n and sh o w ed u p in k n e e -le n g th khaki sh o rts, a n d b ro u g h t w ith him his b u tte rfly n e t. T h e natives of th e village n e a r P rin c e to n w h ere th e L auffers lived, w ere u tte rly asto n ish ed to see th is s tra n g e r th u s a ttire d ch asin g a b u tte rfly dow n th e m ain stre e t w hile th e rest o f th e p a rty w ere im m acu lately d resse d . K e n n e th was no t afraid to be original. W h en P ro fesso r R obley W illiam s was w ork in g w ith K e n n e th at th e V irus U n it in C a m b rid g e th ey saw a notice in th e field nex t to the lab o ra to ry w hich read 'B ew are of b u ll' at w hich K e n n e th d ry ly rem a rk e d 'T h a t 's a b it of advice all read ers of scientific lite ra tu re sh o u ld h e e d !'.
H e was n o t exactly a team scien tist a n d alth o u g h he co llab o rated successfully w ith m any w ho p ro v id e d th e ex p ertise he lacked, his c o lla b o ra to rs knew very little of h im as a p e rso n . P e rh a p s p a rt of th is reticence was d ue to a very strict P ro te s ta n t u p b rin g in g w ith no p leasu res on S u n d a y , even the m ost in n o cen t. W h e n as a boy his sister cau g h t h im w ith a toy cigar in his m o u th she was ex trem ely shocked and th ere was a g reat fuss. A lso, he rese n ted to som e e x te n t th e fact th a t he was th e fo u rth son and received w hat was left over w h en the o th ers h ad h ad th e ir pick. N e v e rth e le ss he was alw ays frien d ly to th e m . B ut, th e event in his life th a t p ro b a b ly had th e m o st p ro fo u n d effect on his c h a ra c te r o c c u rre d d u rin g W o rld W ar I, on the w estern fro n t, w hile he was serving in th e L o n d o n S co ttish R egim ent. A shell fell very n ear him and alth o u g h m iracu lo u sly it did no t w o u n d him it th re w him sem ico n scio u s into the b o tto m of th e crater. H e rem ain ed th e re u n til so m eb o d y fo u n d h im . H e w as se n t back to E n g la n d as a sh ell-shock v ictim con v in ced th a t he was w o u n d e d in the stom ach. H e co n su lted P ro fesso r J. F lu g el, an e m in e n t psy ch o lo g ist at th e U n iv e rsity of L o n d o n , a n d it was at one o f the P ro fe sso r's social T h e m arriag e to G e rm a in e n o t only healed m en tal w o u n d s b u t h elp ed h im to so rt ou t his religious beliefs. G e rm a in e was b ro u g h t up w ith o u t religion, h e r fath e r b elieving th a t she sh o u ld m ake h e r ow n choice in h er ow n tim e. She becam e an agnostic and K e n n e th a m ilita n t ath eist. O th erw ise, the tw o p e rso n a litie s w ere c o m p le m e n tary ; she b ein g lively, sociable and he ra th e r quiet; a recipe for lastin g h ap p in ess. H e was very am u sed by h e r E n g lish and w ould n o t have anyone change it, and he n ever learn t F re n c h , saying th a t G e rm a in e spoke such good E n g lish . T h e y w ere th e a tre -g o e rs and follow ed all th e new p ro d u c tio n s at C a m b rid g e . K e n n e th left the e n te rta in in g to his wife and his fav o u rite div ersio n at hom e was to sh u t h im se lf in th e stu d y , w here no one was allow ed to e n te r, to do his w ritin g .
Physically he was n o t very stro n g -at least he said so-b u t he had a stro n g will w hich en ab led h im to overcom e m o st difficulties. H e becam e a good ten n is player, enjoyed his c ro ss-c o u n try ru n n in g and th e cold show er w hich follow ed. H e was a fam iliar figure in C a m b rid g e , cycling to w ork every day w h atev er the w eath er, his hom e b ein g som e fo u r m iles from the lab o rato ry . H e n e ith e r possessed n o r drove a car; he used an o rd in a ry cycle in th e w in ter b u t an expensive light sp o rts cycle in the su m m e r, w hich cu t his jo u rn e y tim e to the lab o ra to ry by 10 m in u tes. H is o th e r o u td o o r a c tiv ity w as g a rd e n in g a n d he c o n tin u e d th is u n til p ra c tic a lly th e e n d o f his life. W h e n he was su ffe rin g fro m a rth ritis he had som e flow er b e d s raised so th a t he c o u ld c o n tin u e g a rd e n in g . In W o rld W a r II he serv ed in th e H o m e G u a r d a n d w as an a ir-ra id w a rd e n th ro u g h o u t th e w hole p e rio d o f th e w ar. H e tu rn e d his g a rd e n in to a s m a llh o ld in g a
In th e last years o f his life he co u ld see w ith o nly one eye, b u t he c o n tin u e d to w rite an d even u n d e rto o k to w rite R oy M a rk h a m 's b io g ra p h ic a l m e m o ir b u t n ev er fin ish ed it.# O n ly u n u su a l d e d ic a tio n a n d fo rtitu d e en a b le d h im to c o n tin u e his w ork in th e face of b o th his ow n su fferin g a n d th e a tte n tiv e daily care he gave to his w ife w h en in 1976 she w as im m o b iliz e d by a stro k e . E v e n tu a lly th e situ a tio n b ecam e im p o ssib le a n d th e d o c to rs ad v ised th e m to m ove in w ith th e ir son M a rc e l a n d his fam ily. T h is w as a rra n g e d by b u y in g a h o u se n e a r W o lv e rh a m p to n w ith a se lf-c o n tain e d a n n e x and access to th e g a rd e n . K e n n e th h ad loved an d enjoyed C a m b rid g e , an d p a rtic u la rly his fello w sh ip at D o w n in g C ollege an d e n jo y ed u n iv e rsity life. E v en a fte r re tirin g fro m his p o sitio n as D ire c to r, he still play ed a vital p a rt in th e V iru s R esearch U n it. H e w as th e re fo re m o st d istre sse d on his re tu rn fro m th e U .S .A . to find th a t th e U n it had m o v ed to N o rw ic h . H o w ev er, he co u ld still look u p referen ces in th e U n iv e rs ity L ib ra ry , use his s tu d y a n d m eet old frie n d s. L eav in g C a m b rid g e to go a n d live elsew h ere was u n b e a ra b le for h im and he d e te rio ra te d rap id ly and d ied o f a 'b ro k e n h e a r t.' W o r k A uthor and teacher V ery few rese a rc h w o rk ers have do n e m o re to help ad v an ce an d d o c u m e n t kno w led g e on v iru ses th a n K e n n e th S m ith . W ritin g review s an d book s a n d giving lectu res o c c u p ie d a c o n sid e rab le p a rt of his sp are tim e, so th is activ ity did n o t affect his research . H is w ritin g was clear, very rea d a b le an d alw ays a c co m p a n ie d by ex cellent illu stratio n s. H e was *A biographical memoir of Roy Markham, by another hand, appears earlier in this volume.
basically a d e scrip tiv e w rite r b u t possibly n o t analytical en o u g h n o r sufficiently critical of o th e r sc ie n tis ts ' w ork. H e w ro te for th re e differen t ty p es of readers: research scien tists, stu d e n ts of science and th e general p u b lic . In his p o p u la r books and review s, he w as still a u th e n tic and a ccu rate and yet n o t too tech n ical for th e laym an. H e w as very conscious of his w ritin g te c h n iq u e and aw are th a t sc ie n tists are fre q u e n tly criticized for th e ir u n w illin g n ess or in ab ility to ex plain th e ir w ork to th e ed u c ate d laym an. O nce, he was offended w h en th e review er in The Sunday Times c riticized th e book he w ro te w ith R oy M a rk h a m M um ps, measles and mosaics as 'alarm in g ly te c h n ic a l'. H e rep lied to th e E d ito r 'It is im p o ssib le to w rite a book on any scientific su b ject, w h ich is aim ed at a h ig h e r m en tal age th a n 12 years, w ith o u t using som e w o rd s of m o re th a n one syllable! . K e n n e th w as very p o p u la r w ith his p u b lish e rs, as his books w ere well received and sold well. Several o f his books have been re p rin te d , som e w ere revised and o th ers co m p letely re w ritte n . A lso, som e w ere tra n sla te d into several languages. H is P elican book in 1942 Beyond the microscope was d e scrib ed as an acco u n t of a voyage of discovery in th e b o rd e rla n d c o u n try b etw een th e 'liv in g ' o rg an ism and th e 'n o n -liv in g ' chem icals. In w ritin g th e Biology of viruses in 1960 he a d o p te d an u n u su a l tre a tm e n t w hich can be d e scrib ed as a 'W h o 's w ho of v iru s e s ', giving th e b io g rap h ie s of selected v iruses. H is aim was to p re se n t so m e th in g of th e ro m an ce of biological research w h ich often is s u b m e rg e d in too m u ch tech n ical detail. H e alw ays gave a p p ealin g titles to his p o p u la r books and as one review er said 'H e had th e gift of looking at sm all th in g s in the larg e'.
O ne of K e n n e th 's am b itio n s was to estab lish h im se lf as th e L in n a e u s of p la n t virology and it was to th is end th a t in 1937 he su m m a riz ed w h at was k n ow n a b o u t the m o st im p o rta n t p la n t v iru s diseases in his Textbook o f plant virus diseases. E ach v iru s w as given a L a tin nam e based on its original or m o st co m m o n h o st and a n u m b e r if th e re was m o re th a n one v iru s th a t affected th e sam e species. As a classification th is failed, because it auto m atically g ro u p e d to g e th e r u n re la te d v iruses, w hile th e relatio n s am ong viruses h aving few or no c o m m o n h o st w ere soon to be recognized serologically. In spite of th is th e w ork was definitive and b ecam e th e vade mecum of virologists, especially th e 1957 and 1972 revised e d itio n s from w hich he w isely o m itte d th is co n tro v ersial sy stem of n o m en c latu re. In ste a d , he s u b s titu te d th e co m m o n E n g lish n am es as used by th e Review o f applied mycology. H e was very fond of th is tex tb o o k a n d at th e tim e of his d e a th w as w orking on a new revised e d itio n , w ith the help of a c o a u th o r, to be p u b lish e d on his 9 0th b irth d a y .
H is o th e r sta n d a rd scientific book was Plant , first p u b lish e d in 1935, w hich dealt w ith th e p ro p e rtie s of viruses, th e in fectio n p ro cess and th e physiology of the infected p lan t. T h is was again a useful book for stu d e n ts and research ers, and ap p e are d in six e d itio n s, th e last b ein g in 1977. A fter his re tu rn from th e U .S .A . in 1969, it b ecam e ra th e r difficult fo r h im to follow all th e re c e n t lite ra tu re , esp ecially as th e V iru s U n it h ad m o v ed fro m C a m b rid g e a n d he h a d lost th e use o f its lib ra ry . H e relied on th e re p rin ts w h ic h cam e to h im th ro u g h th e m ail a n d o fte n w o u ld ask y o u n g e r colleagues to sen d h im th e late st re p rin t. T h is difficulty w as a p p a re n t in som e of h is m o re re c e n t books. K e n n e th liked to sp e cu la te on th e o rig in o f v iru se s a n d fo r som e tim e he w as in fav o u r of th e idea th a t v iru se s can arise de novo in p lan ts. T h e tw o fa v o u rite e x a m p les to s u p p o rt th is idea w as p o ta to p a ra c rin k le disease d e s c rib e d by S alam an , an d his ow n ex p e rien c e fro m his g lassh o u se w ork w ith d iffe re n t te st p la n ts. P o ta to p a ra c rin k le v iru s, at th e tim e, w as p re s e n t in all in d iv id u a l p la n ts of th e v a rie ty K in g E d w a rd w ith o u t c a u sin g o b v io u s sy m p to m s, b u t w h e n a scion fro m th is v a rie ty w as g ra fte d on to o th e r v a rie tie s a severe disease w as cau sed . K e n n e th in his book B eyond the microscope c o n sid e re d th a t th e v iru s m ig h t have been o rig in a te d s p o n ta n e o u sly in th e o rig in al se ed lin g o f K in g E d w ard . O f c o u rse w e now know th a t p o ta to p a ra c rin k le is one o f th e n u m e ro u s s tra in s o f p o ta to v iru se s S a n d M w h ich are w idely d is trib u te d a ro u n d th e w o rld . T h e o th e r a rg u m e n t w as th a t p la n t v iru s w o rk e rs w ho h a n d le large q u a n titie s o f d iffe re n t species o f p la n ts, especially in th e iso lated e n v iro n m e n t o f th e glassh o u se, so m e tim e s e n c o u n te r a new v iru s w h ic h seem s to d ev elo p s p o n ta n e o u sly . T o d a y , th is a rg u m e n t will n o t be sh a re d by o th e r p la n t v iro lo g ists.
A s his in te re st ran g e d over th e w h ole s p e c tru m o f v iru ses so d id th e su b je c t o f his review s, le c tu re s an d books. In his book A n introduction to the study of viruses in 1950, I fo u n d th e s ta te m e n t th a t th is w as th e first tim e a n y o n e h ad trie d to deal w ith an im al, p la n t a n d b a c te ria l v iru ses in th e one v o lu m e. E v e n tu a lly , his rese a rc h a n d w ritin g w as fo cu sed on th e in sect v iru se s an d c u lm in a te d in 1967 in th e p u b lic a tio n o f Insect virology.
A t th e tim e th e re w as an u p su rg e o f activ ity in th is b ra n c h , m ain ly b ecau se o f his research es, and th is book was th e re fo re n o t u n e x p e c te d . In w ritin g it he was aw are o f th e b io ch em ical o v e rsp ecializatio n of th e su b je c t and his ow n lim ita tio n s and so he ex p re sse d th e h o p e th a t th e re w o u ld still be scope for a book w ritte n fro m a m ain ly biological p o in t of view . N e v e rth e le ss, th e re w ere one or tw o critical review s w h ich u p se t h im .
In a d d itio n to his m an y books he w ro te n u m e ro u s review s, p o p u la r and scientific, an d w as on th e e d ito ria l b o a rd o f several jo u rn a ls. W ith S ir A le x a n d er F le m in g , F .R .S ., and o th e rs he h e lp e d to fo u n d th e S ociety of G e n e ral M ic ro b io lo g y a n d was a m e m b e r of th e F o u n d a tio n C o m m itte e b u t w as n o t m ad e an h o n o ra ry m e m b e r of th e S ociety w h en he re tire d . H is m o st im p o rta n t e d ito ria l w ork w as c o n n e c te d w ith Advances virus research on w h ich he served as c o e d ito r w ith P ro fe sso r M ax L au ffe r from 1953 u n til he died. T h e jo u rn a l becam e th e m o st im p o rta n t ch an n el for critical an d so m etim es n o t so critical ap p raisal o f all b ra n c h e s of v iru s research . P ro fe sso r L au ffer p o in te d o u t to m e th a t K e n n e th was th e fo u n d e r e d ito r as he had conceived the idea and discu ssed it w ith A cadem ic P ress, before in v itin g L auffer to becom e the co ed ito r; m u ch later, ad d itio n al e d ito rs w ere in clu d ed .
K e n n e th avoided g e ttin g involved in scientific m eetin g s o r c o m m ittee s, b u t was alw ays q u ite w illing to give lectu res a n d it w as basically a d e sc rip tio n of w h a t was seen w ith th e optical and electro n m icro sco p e w ith o u t going into th e causes; it was ju s t a praise of th e usefulness of th e e le c tro n m icro sco p e and he p ro v ed his p o in t w ith excellent slides o f electro n m ic ro g ra p h s. H e could som etim es use his w it to enliven p ro ceed in g s as he did in a lectu re in A u stin w hen so m eb o d y was q u e stio n in g w h e th e r a c e rtain p article could be a v iru s as it was ra th e r large, th e an sw er was 'D o n 't forget we are in T e x a s and ev e ry th in g is b ig g er h e re '.
Research on plant viruses
In his last year at M a n c h e ste r U n iv e rsity , K e n n e th dev elo p ed te c h n iq u es w ith w hich he was able to tra n s m it a v iru s causing m osaic in p o tato es by u sin g tw o differen t species of a p h id s as vectors. H e c o n tin u e d th is ty p e of e x p e rim e n t in C a m b rid g e and even tu ally d e m o n stra te d th e co m p o site n a tu re of som e of th e p o tato diseases by using selective tra n sm issio n by ap h id s and m echanical in o cu latio n to d ifferen t in d ic a to r p la n t species. A lso, by tak in g advantage of th e difference in th e len g th s of th e in cu b a tio n p erio d s, and of the u n e q u a l rates of m o v em e n t of the c o n s titu e n t viruses of a com plex w ith in th e tobacco p lan t, he sep arated the com plex in to tw o c o m p o n e n ts w hich he n am ed p o tato v iru s X and p o tato viru s Y. T h e se n am es are still in use. In 1931, he p u b lish e d this w ork in the Proceedings of the R oyal ; th is w ork was one of his m ajo r achievem ents and was p ro b ab ly largely resp o n sib le for his election to the F ellow ship of th e Royal Society. In th e sam e year he re p o rte d his w ork on p o tato leaf roll v iru s in w hich he show ed th a t was an efficient vector and d e te rm in e d th e m in im u m tim es th a t th e v ecto r n eed ed to acq u ire the viru s an d to tra n sm it it to health y p o tato p lan ts. D u rin g th is p e rio d his a tte n tio n w as d ire c te d to th e s tu d y of viru ses affecting p la n t species o th e r th a n p o ta to . In d e p e n d e n tly o f th e A u stra lia n sc ie n tists, he d e m o n s tra te d th a t to m a to s p o tte d w ilt w as tra n s m itte d in n a tu re by th rip s a n d by 1935 he h ad d e sc rib e d , am o n g o th e r new v iru ses, tw o th a t b ecam e a cad em ically very im p o rta n t, nam ely to m a to b u sh y s tu n t v iru s a n d to b acco n e c ro sis v iru s. T h e la tte r v iru s o c c u p ie d his a tte n tio n u n til 1938 and he d e m o n s tra te d th a t it was so il-b o rn e a n d o ften p re s e n t in th e ro o ts o f n o rm a l lo oking p la n ts g ro w in g u n d e r glass. H o w e v er, th e m o d e of tra n sm issio n escap ed h im a n d it w as n o t u n til 1960 th a t th e v e c to r was sh o w n by an A m e ric a n sc ie n tist to be th e zo o sp o res of a soil fu n g u s.
W ith N . W . P irie a n d o th e rs he p u rifie d and s tu d ie d th e p ro p e rtie s of to b acco n ecro sis v iru s an d fro m th e se d im e n ta tio n c o n sta n ts in th e u ltra c e n trifu g e an d o th e r c h a ra c te ristic s th ey c o n c lu d e d th a t th e isolate th e y w ere u sin g c o n ta in e d fo u r a n d p o ssib ly five c o m p o n e n ts, one of w h ic h h ad th e u n u su a lly low s e d im e n ta tio n c o n s ta n t o f 58 S. T h e c o m p lex ity o f th is isolate a ttra c te d th e a tte n tio n of several w o rk e rs and it was e v e n tu a lly resolved m an y years late r at R o th a m s te d . It w as fo u n d th a t th e sm all 58 S v iru s p a rticle , n a m e d satellite v iru s, was u n a b le to m u ltip ly w ith o u t th e aid o f to b acco n ecro sis v iru s.
W h ile w o rk in g w ith to b acco n ecro sis v iru s (1 9 3 5 -4 2 ) K e n n e th becam e in te re s te d in e stim a tin g th e size o f v iru s p a rticle s by filtra tio n th ro u g h m a te ria ls h a v in g k n o w n p o re size. W o rk in g w ith J. P. D o n c a s te r he used c o llo d io n m e m b ra n e s w ith h ig h ly u n ifo rm p o re s tru c tu re p re p a re d by W . J. E lfo r d 's te c h n iq u e (E lfo rd 's g rad o co l m e m b ra n e s). T h e y m e a su re d th e a m o u n t o f v iru s th a t p assed th ro u g h th e m e m b ra n e s by te stin g in fectiv ity on p la n t species th a t p ro d u c e d local lesions. W e know now , fro m m e a s u re m e n ts m ad e by o th e r te c h n iq u e s, th a t th e ir e stim a tes o f th e size o f th e few viru ses th ey trie d w as n o t very ac cu ra te . A lso, th e ir filtra tio n e x p e rim e n ts d id n o t take into c o n sid e ra tio n th e fact th a t n o t all v iru ses are iso m e tric and th a t th e re can be v iru s aggregates. L a te r, w h en W . D . M a c C le m e n t jo in e d in th is w ork and th ey trie d to estim a te th e size of to b acco necro sis v iru s, th ey fo u n d a sh a rp d ro p in in fectiv ity at 250 and 1 2 5 n m p o re size a lth o u g h th e filtra tio n e n d p o in t was a b o u t 40 n m . T h e y e x p la in ed th ese d isc re p an c ies by v iru s ag g reg atio n . By 1942 R oy M a rk h a m had also b eco m e in te re ste d in e stim a tin g th e size o f v iru s p a rticle s a n d to g e th e r w ith th e o th e rs w ro te a critical review on th e su b je c t c o m p a rin g th e accuracy of d ifferen t m eth o d s.
D ifficulties w ith v iru s a g g reg atio n w ere also e n c o u n te re d w hen, w ith D . E. L ea, K e n n e th stu d ie d th e in ac tiv a tio n o f p la n t viru ses by rad ia tio n (1 9 4 0 -4 4 ), in an effort to u n d e rs ta n d th e n a tu re of viruses. T h e in ac tiv a tio n cu rv es th ey o b ta in e d by p lo ttin g n u m b e rs of local lesions (from in fectiv ity tests) against rad ia tio n doses w ere e x p o n e n tial a n d th e rate of in ac tiv a tio n was p ro p o rtio n a l to th e in te n sity of rad ia tio n .
M ean w h ile, K e n n e th w o rk in g on his ow n, d escrib ed several new v iru s diseases of ag ric u ltu ra l crops and o rn am e n ta l p lan ts a n d c o n tin u e d his in te rest in try in g to u n d e rs ta n d th e m ode of v iru s tra n sm issio n by vectors. In 1945 he re p o rte d an im p o rta n t finding c o n c ern in g the tra n sm issio n of a tobacco v iru s disease o c c u rrin g in Z im b ab w e (R hodesia) know n as tobacco ro sette. T h e disease is caused by a com plex of tw o viruses, the m o ttle and th e v e in -d isto rtin g viruses. H e fo u n d th a t th ere is an u n u su al relation b etw een th e tw o v iru ses in th e w ay th ey are tra n s m itte d by ap h id s. T h e v e in -d isto rtin g v iru s is tra n s m itte d only by ap h id s, w hile the m o ttle v iru s is b o th sap-and a p h id -tra n sm issib le , b u t it can be tra n s m itte d by ap h id s only in th e p resen ce of th e v e in -d isto rtin g viru s. It was and is still, an ex citin g research sto ry sh ow ing th e co m p lete d e p e n d en c e of one viru s on a n o th e r for its v ecto r tra n sm issio n . W ith o u t th is aid the m o ttle v iru s w ould have sp read at a m u ch low er rate, by in fectin g n e ig h b o u rin g p lan ts by leaf co n tact. K e n n e th trie d to u n d e r sta n d how th e aid was p ro v id e d by th e h e lp e r viru s b u t failed to find a so lu tio n . A n u m b e r o f o th e r a p h id tra n s m itte d viruses failed to aid ap h id tra n sm issio n of the m o ttle v iru s and w hen ap h id s already ca rry in g the vein d isto rtin g v iru s w ere allow ed to feed on tobacco p lan ts in fected w ith the m o ttle viru s only the v e in -d isto rtin g v iru s was tra n s m itte d d u rin g su b se q u e n t feeding on h ealth y plan ts. H e su ggested th a t th e v e in d isto rtin g was a d so rb e d to the m o ttle viru s w hen b o th are m u ltip ly in g in th e sam e p lan t and th u s helps its tra n sm issio n by ap h id s. A t the sam e tim e K e n n e th co o p erated w ith D . E. L ea in e x p e rim e n ts seeking e x p lan atio n s for various featu res of ap h id tra n sm issio n of p lan t viruses; in p a rtic u la r the w ide v ariatio n in th e tim e th a t d ifferen t viru ses p e rsist in th e ir ap h id vectors. T h e y c o n c lu d e d th a t these differences could be ex plained in term s o f differen t rates of inactiv atio n o f v iru s in th e insect. T h is h y p o th esis also ex p lain ed w hy viruses like p o tato v iru s Y w hich are rap id ly lost by th e ir a p h id vecto r (n o n -p e rsis te n t viruses) are co m m o n ly sa p -tra n sm issib le w hile those like p o tato leaf roll v iru s w hich p ersist for long p erio d s in th e ir ap h id vecto r (p ersiste n t viruses) are rarely sap -tra n sm issib le . K e n n e th 's next im p o rta n t research was the stu d y of a new v iru s affecting tu rn ip s , w hich he and M a rk h a m n am ed tu rn ip yellow m osaic viru s and w hich p ro v ed to be a very im p o rta n t viru s academ ically. T h e y p u b lish e d a sh o rt d e scrip tio n in N ature in M a rc h 1946 and in S e p te m b e r they rep o rte d its vector to be a flea-beetle co m m o n on tu rn ip in the field. T h e w ork was c o m p leted and p u b lish e d 3 years later and becam e one of th e classics on p lan t viruses. T h is was th e first re p o rte d instan ce in G re a t B ritain of a viru s b eing tra n sm itte d by a b itin g insect instead o f th e m ore usual sucking insect. T h e v iru s was show n to be iso m etric and to crystallize in sm all o c tah ed ral crystals. T h e y gave a co m p reh en siv e d e scrip tio n of its biochem ical and biophysical p ro p e rtie s, b u t above all they m ade the very im p o rta n t o b se rv a tio n th a t nu cleic-acid free viru s was not infective. T h is conclusion was d raw n from the fact th a t p urified p re p a ra tio n s of th is v iru s c o n ta in tw o k in d s o f p a rticle , one w ith R N A , a n d th e o th e r w ith o u t. T h e tw o p a rticle s are serologically id en tical b u t o n ly th e o ne c o n ta in in g R N A is infective. T h is w as th e first clear in d ic a tio n fo r any v iru s th a t n u c le ic acid is essen tial for in fectiv ity . H o w e v e r, th ey d id n o t p u rsu e th is o b se rv a tio n to its logical co n clu sio n a n d isolate th e R N A fro m c o m p le te p a rticle s to d e m o n s tra te th a t it is th e o nly p a rt o f th e p a rtic le th a t is n e e d ed for in fe c tio n . T h is w as done in 1956 w ith to b acco m osaic v iru s by o th e r w o rk e rs a n d it is difficult to assess w h e th e r K e n n e th 's w ork w ith M a rk h a m h ad any influence in th e d isc o v e ry . D u rin g th is w ork R. E. D u rin g th e 1950s he was able to th in k over his p la n t v iru s w ork and he w ro te several review s. H is last research in p la n t v iru ses was d o n e w hile w o rk in g at th e U n iv e rsity of P itts b u rg w h ere w ith his frie n d P ro fe sso r M ax L au ffe r and o th e rs, he isolated and stu d ie d th e p ro te in of c u c u m b e r v iru s 4 w h ich is related to to b acco m osaic viru s. T h e y also w o rk ed w ith th e p ro te in s of Tipala irid e sc e n t v iru s a n d T 2 b a c te rio p h a g e (1965) . L o o k in g over K e n n e th 's p la n t viru s research , we are im p re sse d by how w ide his in te rests w ere and by w h at a large area he co vered in his w ork.
Research on insect viruses
K e n n e th S m ith 's in te rest in insect viru ses w as first aro u se d by R. L o tm a r 's p a p e r on th e n u c le a r p o ly h ed ro sis (B aculovirus) of th e clothes m o th , and in 1950 he o b ta in e d som e of th is v iru s to c arry o u t a sm all e x p e rim e n t w ith th e h elp of a colleague in th e B ritish M u se u m (N a tu ra l H isto ry ). T h e y used an old house ru g heavily in fested w ith clo th es m o th larvae, sp ray ed it w ith a su sp en sio n of v iru s and enclosed it in a w ooden tru n k . O ne m o n th after th e tre a tm e n t larvae w ith a m ilky ap p earan ce w ere fo u n d in a b u n d a n ce on the surface of th e rug. T h e sick-looking larvae w ere infected w ith v iru s and th e in fe sta tio n was checked. K e n n e th realized the p o ten tia l of th is m e th o d of p e st co n tro l a n d he d ev o ted h im se lf alm ost exclusively to w ork in g w ith th is and m any o th e r insect viru ses for the rest o f his career. It was his association w ith P ro fe sso r R alph W yckoff and th e use o f th e e lectro n m icro sco p e th a t p ro d u c e d th e first scientific rew ards. T h e y tre a te d th e p o ly h ed ra of larvae of several species w ith d ilu te so d iu m c a rb o n a te befo re ex am in in g th em w ith th e e lectro n m icroscope. T h e y fo u n d p o ly h ed ra of tw o d istin c t ty p es w h ich differed p ro fo u n d ly in th e ir in tern al s tru c tu re and th e ty p e of v iru s th ey c o n tain ed . T h e y w ere also able to show th a t som e insects co u ld be infected w ith th e tw o differen t types of p o ly h ed ra . As th ese p o ly h ed ra h ad been isolated fro m m o th larvae w h ich had died w ith in 48 h o u rs of em erg en ce from th e egg, K e n n e th co n clu d ed th a t insects co u ld c arry late n t viruses .
A t th e tim e, m o st w orkers reg a rd e d insect v iru ses as strictly speciesspecific, b u t K e n n e th d isre g a rd e d th is a ssu m p tio n , and u sin g his ex p erience w ith p la n t viruses, show ed, w ith N . X ero s th a t th ey can be tra n s m itte d easily b etw een larvae of related L e p id o p te ra . A lto g eth e r, th ey ca rrie d o u t th irty successful c ro ss-tra n sm issio n s of v iru ses b etw een larvae of d ifferent species (1 952-53). T h is w ork h ad a c o n sid e rab le effect on th e pro g ress of insect v iru s research. T h e sta in in g p ro p e rtie s and m o rp h o lo g y of the p o ly h ed ra w h ich d eveloped in th e new h o st w ere n o t alw ays identical to those fo u n d in th e original h o st. K e n n e th did n o t realize th a t th is in fo rm a tio n was related to th e c o n cep t o f late n t v iruses alth o u g h q u ite early in his w ork he becam e aw are th a t late n t viru ses w ere ex trem ely com m on in insects, even m o re so th a n in plan ts. In 1951 he n o ticed th a t haw k m o th ( Sphinxligustri) larvae w ere dying afte r em ergence from th e egg and fo u n d th em to be in fected w ith a p o ly h ed ral virus. T h is was the earliest rec o rd e d tra n sm issio n of an insect v iru s from p a re n t to offspring. H e c o n tin u e d his c ro ss-tra n sm issio n e x p e rim e n ts w ith th e now classical e x p e rim e n t of d o a b le in fe c tio n w ith p o ly h e d ra fro m Vanessa cardui sh o w in g th a t tw o d iffe re n t p o ly h e d ro se s, c y to p la sm ic an d n u c le a r, w ere in v o lv ed a n d th e ir relativ e c o n c e n tra tio n differed in th e v a rio u s h o sts. F ro m th ese c ro s s -tra n sm iss io n e x p e rim e n ts he p o s tu la te d th a t c e rta in le p id o p te ro u s p e sts o f c ro p s, in w h ic h no v iru se s h ad b e e n o b se rv e d co u ld now be in fe c te d w ith a v iru s fro m an u n re la te d species of in sect. K e n n e th su p p lie d a n u m b e r o f fellow insect v iro lo g ists w ith th e v iru se s u sed in th ese e x p e rim e n ts, w ith th e idea of try in g th e m ag ain st su c h p e sts as th e w in te r m o th ( brumata) a n d th e p in e lo o p er ( B u p a lu s p in ia r iu s ) .
P a rallel w ith th ese activ ities he s ta rte d stu d y in g th e d e v e lo p m e n t of p o ly h e d ra in th e in se c t cell a n d he sh o w ed th a t m o st o f th e cell p ro te in w as c o n v e rte d to p o ly h e d ra an d p u b lis h e d e le c tro n m ic ro g ra p h s sh o w in g th ese c ry sta ls in th e p ro cess o f fo rm a tio n . U sin g th e silk w o rm a n d its ow n n u c le a r p o ly h e d ro sis, w ith th e assistan ce o f N . X e ro s he w as a m o n g the first to m ake d e ta ile d stu d ie s of th is n a tu re . H e saw th a t th e n u clei b ecam e e n la rg e d and c h ro m a tin b e g in s to c lu m p and fo rm a n u c le a r n e t. L a te r v iru s ro d s a p p e a r fro m th e c e n tral c h ro m a tic n e t an d fo rm th e p e rip h e ra l c h ro m a tin . A s an a g ric u ltu ra l e n to m o lo g ist K e n n e th w as p a rtic u la rly p leased to red isc o v er a b lo o d cell disease in lea th erjac k e ts ( paludosa, c ran e fly) and w ith X e ro s sh o w ed it to be caused by a v iru s in fectio n . T h e v iru s d ev elo p s in th e n u clei o f th e b lo o d cells a n d causes a g rea t increase in th e ir n u m b e r. L ike all th e o th e r n u c le a r v iru ses p rev io u sly e x a m in ed th is v iru s also h ad ro d sh a p ed p article s (1954-55). K e n n e th 's in te re st in in sect v irology sta rte d w ith th e idea o f u sin g v iru se s to c o n tro l in sect p ests a n d he w elcom ed every o p p o rtu n ity of a d v a n cin g th is idea by giving lectu res and receiv in g v isito rs in his lab o ra to ry . H e and C la u d e R ivers, w hile c o n tin u in g th e ir e x p e rim e n tal w ork on th e c o n tro l of clo th es m o th , cabbage w h ite b u tte rfly a n d p ine lo o p er, assisted o th e rs by a d v isin g a n d p ro v id in g in ocula to co n tro l serio u s p ests overseas: th e n e ttle g ru b of tea ( nararia) in S ri L a n k a , th e A m e ric an c o tto n b o llw o rm ( armigera) in K en y a, th e w a ttle b a g w o rm (Acanthopsyche junodi) in N a ta l and Spodoptera exempta in U g a n d a . In 1956 th ey p u b lish e d a p a p e r on th e viru ses o f insects of eco n o m ic im p o rta n c e a n d by th is tim e th ey h ad a c cu m u la te d m o re th a n 200 v iru s isolates fro m d ifferen t insects. P ro fe sso r R obley W illiam s sp e n t a sab b atical year w ith K e n n e th in C a m b rid g e d u rin g 1956-57 w hen th ey sp e n t m u ch of th e tim e in v e stig a t ing the m o rp h o lo g y and p ro p e rtie s of th e irid e sc e n t v iru s of Tipula paladosa, discovered 2 years before. T h e site of v iru s m u ltip lic a tio n was fo u n d to be the cy to p lasm ic regions of th e fat-b o d y cells, for it is here th a t th e v iru s is m o st heavily c o n c e n tra te d , th e v iru s p a rticle s fo rm in g m icro cry stals. T h is cy toplasm ic v iru s h ad a ttrac tiv e features; it w as p re se n t in large q u a n titie s, co uld easily be pu rified and alth o u g h th e v iru s p articles w ere very large (1 3 0 n m in d iam e te r) th ey possessed co m p lete sy m m e try , h aving p o ly h ed ral shape. T h e y w ere able to p ro d u c e excellent e lectro n m ic ro g ra p h s and to show th a t th e v iru s p a rticle s are icosahedral in form by shapes cast by th e p articles w hen shadow ed w ith heavy m etals. T h e nam e 'irid e sc e n t' w as given because o f th e fascin atin g optical p ro p e rtie s of the virus. V irus p ellets p ro d u c e d by c e n trifu g a tio n ap p e ar o range or a m b e r in tra n s m itte d lig h t and irid e sc e n t or tu rq u o is e in reflected light. L a te r, K e n n e th stu d ie d th e early stages of in fectio n w ith th e irid e sc e n t virus; he fo u n d th a t e m p ty m e m b ra n e s in very large n u m b e rs a p p e ar and su g g ested th a t th ese c o n s titu te early stages in th e d e v e lo p m en t of th e v iru s (1958).
T h e p rev io u s year had been an in te re stin g one for K e n n e th w ith th e first field trial in B ritain o f an insect viru s. F. T . B ird 's use of a n u c le a r p o ly h ed ro sis v iru s against th e pin e sawfly was successfully rep e a te d in a sh e lte r b e lt on a N o rfo lk farm . A lso, the new S iem en s e le c tro n m ic ro scope had been in stalled , and at last th ey h ad an in stru m e n t th a t reliably gave good p ictu res.
So far p o ly h ed ro ses h ad b een fo u n d in th e o rd e rs of L e p id o p te ra , H y m e n o p te ra and D ip te ra . In 1959 he d e m o n stra te d v iru s in fectio n in insects b elo n g in g to N e u ro p te ra and also in c itru s red m ites (A rach n id a). H e w orked again w ith th e v iru s of c itru s red m ites in 1962. In 1959 he also p u b lish e d the resu lts of several y e a rs' w ork w ith G . J. H ills on th e isolation o f viruses from cy to p lasm ic p o ly h ed ra . In th e years b etw een 1959 and 1962 , alth o u g h he had retire d fro m th e p o st of D ire c to r, he still c o n tin u e d to w ork full tim e at the V irus U n it. D u rin g th is p e rio d he w ro te several review s on insect v iruses and gave lectu res. In 1959, le c tu rin g at th e U n iv e rsity of L o n d o n , he affirm ed his co n v ictio n th a t laten t viruses are very c o m m o n in insects and he c o n trib u te d a p a p e r on viru s co n tro l of insect p ests at th e 7th C o m m o n w e a lth E n tom ological C o n feren ce (1960) . H is p a p e r w ith R ivers in 1959 co nfirm ed his earlier assertio n th a t n o t all insect v iruses are h o st specific, som e have a very w ide h ost range, in fectin g n o t only species w ith in an o rd e r b u t insects belo n g in g to d ifferent o rd ers. T h e last w ork he did before leaving for the U .S .A . was w ith G . J. H ills on th e u ltra s tru c tu re and rep lica tio n of insect v iruses (1962) .
In th e D e p a rtm e n t o f B iophysics of th e U n iv e rsity of P itts b u rg h he d e scrib ed w ith o th ers th e long filam ents or viru s like rods associated w ith g ran u lo sis v iru s disease of n o c tu id larvae (1964) . H e also w rote several review article s on th e e x p e rien c e he h a d a c c u m u la te d over m an y years at C a m b rid g e . H e c o n tin u e d his w ork on th e g ra n u lo sis v iru s of th e n o c tu id larv a w h e n he m o v ed to th e Cell R e se a rc h In s titu te at th e U n iv e rs ity of T e x a s in A u stin . H e e x a m in ed in g re a te r d etail how th e filam en ts o r th re a d s e m e rg e fro m th e g ra n u le s a n d trie d to d e te rm in e th e p a rt th ey p lay in th e re p lic a tio n o f th e v iru s. A fter w o rk in g fo r a p e rio d w ith th e b lu e -g re e n algae v iru s L P P -1 , alread y m e n tio n e d in th e p rev io u s section, he c o lla b o ra te d ex clusively w ith H . J. A rn o tt, th e ir c o m m o n in te re s t b e in g e le c tro n m ic ro sc o p y . T h e y w ere in te re s te d in m o rp h o lo g ic a l ch a n g es o f cell c o n s titu e n ts a n d th e a p p e a ra n c e of in clu sio n s. T h e y first d e s c rib e d a new v iru s disease affecting w ild su n flo w er ( annuus). T h e v iru s p a rticle s of th is disease are flexible ro d s 480 n m long (1967) . T h e y e x a m in ed n e x t th e in clu sio n s p re s e n t in th e e p ith e lia l cells of th e m id g u t o f Piesma cinereum (L a c e -b u g ) th e v e c to r o f 'sav o y ' disease o f su g a r b e e t. T h e r e a p p e a rs to be no c o n n e c tio n b e tw e en th e in clu sio n s a n d th e v iru s th a t is tra n s m itte d b y th e v e c to r (1967) . T h e ir e le c tro n m ic ro sc o p y w ork on th e d e v e lo p m e n t of a g ra n u lo sis v iru s in th e cells of th e m o th Plodia interpunctella w as very im p re ssiv e as th ey w ere able to follow th e se q u en c e of v iru s assem b ly in th e cell. T h e y also d e sc rib e d th e d e v e lo p m e n t o f v ario u s ty p es o f a b e rra n t cap su les th a t are fo u n d asso ciated w ith th is disease (1968) . T h e ir w ork is d istin g u is h e d by th e e x c elle n t p h o to g ra p h s th a t th ey w ere able to o b ta in in th e e le c tro n m ic ro sc o p e o f th ese and o th e r v iru ses an d th e ir m ain p u rp o se w as to u n d e rs ta n d th e m o d e o f d e v e lo p m e n t of th ese v iru ses in th e cell and o b se rv e any o th e r c h an g es th a t o c c u r in th e cell c o n s titu e n ts d u rin g in fe c tio n .
I w as h e lp e d in th e w ritin g of th is m e m o ir by n o tes left by K . M . S m ith w ith th e R oyal S ociety a n d reco llectio n s o f his w ife G e rm a in e a n d his son M a rc e l. I am also in d e b te d to v a rio u s peo p le w ho k in d ly p ro v id e d in fo rm a tio n , especially L a d y B aw den, D r A n n B ishop, F .R .S ., D r B. D . H a rris o n , P ro fe sso r M ax A. L au ffer, P ro fe sso r R. E. F. M a tth e w s, F .R .S ., M r G . S am u el, M iss J u s tin e S p eed , D r T . W . T in sle y , P ro fe sso r R o b ley C. W illiam s and P ro fe sso r R alp h W . G . W yckoff, F o r.M e m . R .S . A bove all, I th a n k C la u d e R ivers for h e lp in g m e in w ritin g the sectio n 'R esearch in insect v iru s e s '.
T h e p h o to g ra p h was tak en in 1976 by M r S im o n F rey , P rin c ip a l P h o to g ra p h e r at th e J o h n In n e s In s titu te .
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